SI digestibilities were modestly increased by heating SBM to 150 min, then declined dramatically when SBM was heated for 180 and 210 min. These responses resulted in a quadratic ( P .05) increase in quantity of total and SBM N disappearing in the SI; quantities increased as SBM was heated to 150 min and remained unchanged when SBM was heated for 180 and 210 min. These responses resulted in a quadratic ( P . 0 5 ) increase in quantity of total and SBM N disappearing in the SI; quantities increased as SBM was heated to 150 min and remained unchanged when SBM was heated for 180 and 210 min. Duodenal flows and SI digestibilities of total and non-bacterial amino acids (AA) and of most individual AA followed patterns similar to those observed for N. Maximum quantities of total and individual AA disappeared from the SI when wethers were fed SBM roasted at 165°C for 150 min. Evaluation of the effects of heat treatment on the nutritive value of a protein source for ruminants should include considerations for both ruminal protein escape and SI availability of escaped protein and for the nature of the AA supply absorbed from the SI.
Introduction
Heat treatment of a protein source such as soybean meal ( SBM) may enhance the efficiency with which that protein is utilized by ruminants. This largely results from decreases in ruminal protein degradation and concurrent increases in the quantities of CP and amino acids ( A A ) entering and disappearing from the small intestine ( SI) (Sherrod and Tillman, 1962; Tagari et al., 1962; Plegge et al., 1985) . However, excessive heating can render a fraction of the protein indigestible (Van Soest, 1982) and, consequently, decrease its value. There have been no systematic attempts to define the point at which heat exposure enhances and optimizes the value of a given protein source in providing absorbable AA to the SI of ruminants. Conversely, the point at which the nega-J. h i m . Sci. 1995. 732324-834 tive effects of heating outweigh the beneficial effects remains undefined.
The purpose of the current experiment was to evaluate the effects of extent of heat exposure on 1 ) ruminal protein degradation and 2 ) SI availability of N and AA in a single protein source (SBM). The net effect of these two factors on the supply of total and individual AA that disappeared in the SI of wethers was regarded as the key criterion in determining the optimal heating regimen. CO (>.007) .
of vitamin E k g of diet DM.
tethered in elevated mesh-bottom pens in a temperature-controlled room (20 to 24°C) under continuous lighting during the experiment. Diets (Table 1 ) included a control diet that contained 23% cornstarch and no SBM and was formulated to provide 11% CP. The remaining diets contained 3% cornstarch with the other 20% of the cornstarch replaced by commercially processed SBM (dehulled, solvent-extracted, 51.8% CP). Five diets containing SBM exposed to different extents of heating were fed; these included an unheated SBM and sources of SBM that had been roasted at 165°C for 75, 150, 180, or 210 min. Diets containing soybean meal provided approximately 21% CP. High-quality alfalfa hay (23% C P ) and urea were included in the diets to provide sufficient quantities of ruminally degradable protein and NH3, respectively, to maximize micyobial protein synthesis. Remaining ingredients (cornstarch, alkaline-hydrogen peroxidetreated oat hulls [AHPOH], molasses, and dextrose) were chosen because they are good energy sources, are readily accepted by the animals, and provide minimal amounts of undegraded dietary protein. A basal diet containing all ingredients except SBM or cornstarch was premixed. Appropriate amounts of the basal diet, SBM, and cornstarch were weighed for each wether, mixed, and fed in two equal portions daily at 0800 and 2000. Wethers were fed approximately 2.5% of BW (average DM1 = 1,753 g/d). Water was continuously available.
The roasting temperature and times used in this experiment were identified by pre-trial screening in the laboratory. Acid detergent insoluble N (ADIN; Goering and Van Soest, 1970) was used as an indicator of the effects of heating on SBM protein. A range of heat treatments was desired over which SBM protein value might first be enhanced by decreasing ruminal degradation without decreasing postruminal digestibility, and then be decreased due to decreased availability in the SI. Plegge et al. ( 1985) 5-cm aluminum pans for various times and temperatures. The roasted SBM samples were then analyzed for ADIN as described by Goering and Van Soest (1970) . This screening procedure determined that roasting SBM for 75, 150, 180, and 210 min at 165 "C would result in the desired ADIN levels. To prepare these treatments for the experiment, SBM (2.27 kg) was placed in 46-cm x 25-cm x 6-cm steel pans to a uniform depth of 2.54 cm and roasted in a Blue M (Blue M Company, Blue Island, IL) forced-air oven at 165°C for the indicated times. Each batch of roasted SBM again was analyzed for ADIN. A total of 65 kg of each SBM treatment was prepared. During roasting, shelf temperature was monitored and maintained at 164 t o 165°C. The metal pans were removed from the oven and SBM was stirred to facilitate cooling. All the SBM for a given treatment was mixed in a horizontal mixer for approximately 5 min. The mixed SBM was emptied into pressed cardboard barrels with locking lids and stored for the duration of the experiment. Unheated SBM and SBM roasted for 75, 150, 180, and 210 min had ADIN contents of 2.7, 3.9, 12.9, 24.8, and 38.9% of total N as determined on unground SBM, respectively (Table 2) .
Sampling Procedures. Experimental periods were 16 d in length with 10 d of adjustment and 6 d of sampling. A bolus of Cr203 weighing 1.5 g was administered intraruminally on d 3 through d 16 of each period before each feeding to provide a marker for measuring digesta flow. Feed samples (50 g ) and orts were collected on d 8 through 16 and composited by period. Wethers were fitted with canvas fecal collection bags and total fecal excretion was collected twice daily from d 11 through 16. Total feces were weighed and a 10% aliquot was composited for each wether in each period and frozen. Feed, orts, and feces were dried at 55°C and ground in a Wiley mill (l-mm screen) for analyses.
Duodenal and ileal samples (approximately 75 mL) were collected three times daily at 1, 3, and 5 h following the morning feeding on d 11, 13, and 15, and at 7, 9, and 11 h on d 12, 14, and 16. Individual samples were frozen at the time of collection and later thawed and composited for each wether in each period. The composite was mixed with a propeller-type mixer and a subsample was taken and freeze-dried. Freezedried samples were ground in a Wiley mill ( l -m m screen) before analyses. Ruminal fluid (50 mL) was collected on d 16 at 2, 4, 6, 8, 10, and 12 h after the 0800 feeding and strained through eight layers of cheesecloth. Ruminal pH was measured immediately with a Beckman pH1 31 pH meter (Beckman Instruments, Palo Alto, CA) and the sample was acidified with 3 mL of 6 N HC1 and frozen. Samples were later thawed and centrifuged at 20,000 x g for 20 min and the supernatant saved for analyses.
Ruminal contents (approximately 150 to 200 g ) were collected once daily such that a sample was collected for each 2-h interval between morning and evening feedings from d 11 through 16. Contents were blended in a Waring blender (Waring Products Division, New Hartford, CT) with an equal volume of saline for approximately 1 min to dislodge bacteria adhering to feed particles. The solution was strained through eight layers of cheesecloth. The particulate matter was discarded and the strained fluid was composited by wether and period and frozen. Composited samples were later thawed and a bacteria-rich fraction was isolated by centrifugation as described by .
Sample Analyses. Feed and orts, bacterial samples, duodenal and ileal digesta, and fecal samples were analyzed for DM, OM, and Kjeldahl N (AOAC, 1984) . Soybean meal samples were analyzed for NDF (Robertson and Van Soest, 19771 , ADF, and ADIN (Goering and Van Soest, 1970) . Ruminal fluid samples were analyzed for concentrations of NH3 N (Chaney and Marbach, 1962) and VFA .
For AA analysis, samples (approximately 150 mg) of feeds, bacteria, and duodenal and ileal digesta were hydrolyzed in screw-cap culture tubes ( 2 0 mm x 25 mm) in 15 mL of 6 N HCl for 22 h at 105°C. Tubes were purged with NZ to minimize oxidation of sulfur AA during hydrolysis. Amino acid composition of the samples was determined on a Beckman Model 119CL AA analyzer (Beckman Instruments, Palo Alto, CA).
Chromium content of duodenal and ileal samples and feces was determined by the technique of Williams et al. (1962) . Dry matter flow (gramdday) was determined by dividing the daily Cr intake (milligramdday) by Cr concentration (milligramdgram) in duodenal and ileal digesta or feces. Nutrient flows were calculated by multiplying DM flow by the concentration of the nutrient in duodenal or ileal digesta or feces. Bacterial and duodenal purine content was determined using the technique of Zinn and Owens (1986) . Because the N:purine ratio of isolated bacteria was not affected ( P > .05) by diet, the overall average bacterial N:purine ( .852) was used to determine the quantity of bacterial N reaching the duodenum across treatments. The proportion of duodenal N of bacterial origin was calculated by dividing the overall average bacterial N:purine ratio by the N:purine ratio of duodenal digesta collected for each observation.
Statistical Analyses. Statistical analysis was conducted by analysis of variance of a 6 x 6 Latin square using the GLM procedures of SAS. Model sums of squares were separated into effects due to wether, period, and diet. Treatment means were compared by the following contrasts: 1) control diet vs diets containing SBM, 2 ) unheated SBM diet vs diets containing heated SBM, and 3 ) linear, 4 1 quadratic, and 5 ) cubic effects of extent of heat application to SBM. Data collected at various times postfeeding (ruminal pH, VFA, and NH3 N concentrations) were analyzed as a repeated measures design. No treatment x time interactions were detected ( P > .05) for the characteristics measured; therefore, treatment effects were compared across sampling times using the contrasts described above. Because of poor feed consumption due to reasons unrelated to diet, data collected from the wether fed the control diet in period 4 were eliminated before analysis. Tabulated values are least squares means.
Results and Discussion
Nitrogen concentration averaged 8.3% in the SBM treatments fed in this experiment (Table 2 1. Ground ( l -m m ) SBM samples increased in ADIN from 1.6 to 28.0% of total N as roasting time increased from 0 to 210 min. Unground SBM samples increased in ADIN from 2.7 to 38.9% of total N over the same range of heating. Measured ADIN concentration always was higher for unground than for ground samples, with the greatest difference observed for samples heated for 180 or 210 min. The higher ADIN content of the unground SBM is due to the decreased surface area of the sample subjected to ADIN analysis. These data emphasize the importance of defining the nature of the preparation of samples before analysis if ADIN is to be used as an indicator of effects of heating. The concentrations of ADIN in the unground samples are quite close to the target ADIN concentrations of 5, 15, 25, and 35% of total N that were established for the heated SBM. Neutral detergent fiber and ADF concentration also increased as roasting time increased.
Total VFA concentrations in ruminal fluid were higher ( P < .05) when wethers were fed unheated SBM vs heated SBM diets and decreased linearly ( P < .05) with increased roasting time of SBM (Table 3 ) . These differences probably reflect reduced quantities of fermentable substrate available in SBM roasted a t higher temperatures. Molar proportions of individual VFA were modestly influenced by roasting SBM. (Sherrod and Tillman, 1962; Tagari et al., 1962; Nishimuta et al., 1973; McMeniman and Armstrong, 1979) . reported a very high negative correlation ( r = -.96) between roasting temperature of whole cottonseed and ruminal NH3 N concentration. It is probable that a similar relationship occurs with increased duration of roasting.
Ruminal pH was lower ( P < .05) when wethers were fed the control diet vs SBM-containing diets and increased ( P < .05) linearly as roasting time of SBM increased. Wethers fed the control diet had lower ruminal pH due to the highly fermentable nature and higher level (23%) of cornstarch in the diet. Fermentability of SBM was apparently decreased with increased roasting time, and this accounts for the concomitantly higher pH values observed when more extensively roasted SBM was fed. Organic matter intakes were lower (1,509 g/d) when wethers were fed the control diet than when they were fed the diets containing SBM (average 1,575 g/d; Hussein et al., 1995) . Total tract digestibility of OM averaged 74.9% and was unaffected ( P > .05) by diet. Sites of OM digestion were likewise unaffected ( P > .05) by diet; average values (percentage of OM intake) were 46.8% for OM apparently digested in the stomach, 65.8% for OM truly digested in the stomach, 21.1% for OM digested in the small intestine ( S I ) , and 7.1% for OM digested in the hindgut.
Results for N intake, flows, and digestion are summarized in Table 4 . Nitrogen intake was lower ( P < .05) for wethers fed the control diet (28.9 g/d) than for those fed diets containing SBM (average 60.1 g/d) because of the difference in CP content of the control diet (approximately 11% CP) vs SBM-containing diets (approximately 21% CP). Virtually all of the difference in N intake can be accounted for by intake of SBM N (average 29.5 g/d) by wethers when fed the SBM-containing diets. Duodenal N flow was higher ( P < .05) when wethers were fed SBM-containing diets vs the control diet and increased ( P < .05) linearly with increased duration of roasting. Increases in duodenal N flows have usually been observed due t o heat treatment of protein sources (Hudson et al., 1970; Nishimuta et al., 1974; Plegge et al. 1985; Pena et al., 1986) . In vitro and in situ experiments have shown that rate and extent of ruminal degradation of soybean protein are reduced due to heating (Plegge et al. 1985; Faldet et al., 1991) . Results of the current experiment confirm these previous observations that heat treatment decreases ruminal CP degradability, increasing ruminal escape of CP and duodenal CP flow. This conclusion is further evidenced by an increase in non-bacterial N flow at the duodenum as roasting time increased (Table  4 ). Bacterial N flows at the duodenum were higher ( P < .05) when wethers were fed unheated SBM than when they were fed heated SBM diets. Also, duodenal bacterial N flows responded quadratically ( P < .05) to SBM roasting time; values seemed to be greatest when unheated SBM was fed (30.7 g/d), decreased when SBM roasted for 75, 150, or 180 min was fed (average 25.5 g/d), and then increased modestly when SBM roasted for 210 min was fed (27.7 g/d). Reasons for the apparent decrease in net bacterial protein production due to roasting of SBM are not known. Several studies have demonstrated increased duodenal microbial protein flows when ruminally degradable vs resistant protein sources were fed (Siddons et al., 1985; McCarthy et al., 1989; Cecava et al., 1990, 19911 , even when ruminal NH3 N concentrations have been maintained at levels believed to be in excess of microbial requirements (Cecava et al., 1991) . Growth of some species of ruminal bacteria may be limited by inadequate availability of products of ruminal proteolysis other than NH3 (e.g., branched-chain VFA, free AA, or small peptides). However, the control diet in this experiment was formulated to attempt to account for these requirements (Table 1 ) and SBM was fed in addition t o N-containing ingredients in the control diet; therefore, all diets should have provided, at minimum, the amount of degradable protein in the control diet. It is, therefore, improbable that bacterial protein synthesis would have been limited by supply of protein breakdown products in wethers fed roasted SBM treatments. Some decrease in bacterial yield may have occurred due to substitution of SBM for cornstarch in the SBM-containing diets. Yield of ATP to ruminal microorganisms is lower when protein is fermented than when carbohydrate is fermented (Demeyer and Van Nevel, 1986) . Other experiments have reported decreased microbial protein yields when protein sources have been added t o diets at the expense of a carbohydrate source (Rooke et al., 1986; Titgemeyer et al. 1989 ). hLinear effect of time of heating ( P < .06).
Non-bacterial N flows at the duodenum were higher ( P . 0 5 ) when wethers were fed SBM-containing diets vs the control diet or when fed roasted SBM diets vs unheated SBM. Flow of non-bacterial N also increased ( P < ,051 in a linear fashion as roasting time of SBM increased. These observations occurred for the same reasons that total N flow at the duodenum was increased due to roasting of SBM. Soybean meal N entering the duodenum was Flow of total N at the ileum was lower ( P < . 0 5 ) when wethers were fed the control diet vs SBMcontaining diets (Table 4) . Ileal N flow responded in cubic ( P < .OS> fashion to SBM roasting time. Ileal N flow decreased modestly as roasting time increased from 0 to 150 min and then increased abruptly when more extensively roasted SBM treatments were fed.
Non-bacterial N flows at the ileum were calculated as follows: flow of bacterial N at the ileum for a given observation was estimated to be equal to .29 x duodenal bacterial N flow for that observation. The estimate of indigestibility ( .29) of bacterial N in the SI is obtained as the average indigestibility of I5N in labeled bacterial protein entering the SI of ruminants in three experiments (Salter and Smith, 1984; Firkins et al., 1987; Cecava et al., 1991;  range of values = .28 to .34). Ileal non-bacterial N was then estimated by subtracting ileal bacterial N flow from total N flow at the ileum. Values for SBM N flow at the ileum were then computed by subtracting the mean value for ileal non-bacterial N flow of wethers fed the control diet (6.7 g/d) from values for wethers fed SBM-containing diets. Flows of both non-bacterial and SBM N at the ileum responded cubically ( P < .05) to increasing SBM roasting time; this response followed the same pattern as that observed for total N flow at the ileum. It seems that modest heating ( u p to 150 min) may actually enhance intestinal digestibility of SBM protein that escapes ruminal degradation; an explanation for this phenomenon is lacking. More extensively heated SBM protein (180 or 210 min) is clearly less digestible in the SI.
These relationships are further emphasized when data for total N and SBM N disappearing in the SI are considered. Total N (gramdday) disappearing in the SI was greater ( P < .05) when wethers were fed diets containing SBM than when they were fed the control diet. Soybean meal N disappearing in the SI increased quadratically ( P < .05) due to roasting time; the quantity increased as roasting time increased from 0 t o 150 min and was similar when SBM was roasted for 150, 180, or 210 min (17.2 g/d). When these data are expressed as a percentage of total N or SBM N entering the SI, digestibility responded in a quadratic ( P .05) manner with increased roasting time. In both cases, SI digestibilities increased with increased roasting time to 150 min, then decreased precipitously. For example, digestibility of SBM N in the SI was approximately 76% for unheated SBM, increased t o 97% for SBM roasted for 150 min, and then decreased to 60% for SBM roasted for 210 min. It was anticipated that SBM N digestibilities would be negatively affected by extensive heating; however, the apparently positive effects of more modest heating on SI digestibility of SBM N was not expected. There is at least one previous report (Koeln and Paterson, 1986) in which apparent N digestibility has been increased for heated vs unheated SBM.
Fecal N excretion increased ( P < .06) linearly with increased roasting time. Increased fecal N excretion due to heat treatment of supplemental protein has been demonstrated in a number of other experiments (Sherrod and Tillman, 1962; Dysli et al., 1967; Windschitl and Stern, 1988) . Nitrogen disappearing in the hindgut (gramdday, percentage entering hindgut, or percentage of N intake) responded quadratically ( P c .05) to roasting time (Table 4) . Values for these measurements decreased as roasting time increased from 0 to 150 min, then increased as roasting time increased to 210 min. Disappearance of N in the hindgut was substantially greater when SBM was roasted for 180 or 210 min. It is likely that these values were higher due to more extensive protein breakdown by cecaVcolonic microorganisms. Following exposure to hydrolytic and enzymatic digestion in the abomasum and SI, protein that has previously escaped ruminal breakdown and intestinal digestion may become more susceptible to hindgut fermentation.
Quantity of N disappearing in the total tract was lower ( P < .05) when wethers were fed the control diet vs diets containing SBM; apparent total tract N digestibility was similarly affected. These comparisons are strictly a function of lower N intakes by wethers fed the control diet. The quantity of N disappearing in the total tract decreased ( P < .05) in a linear fashion with increased roasting time.
Comparing data for disappearance of N in the SI vs the total tract in this study emphasizes the insufficiency of apparent total tract N digestibility in evaluating protein sources in ruminants. Total tract disappearance represents the sum of N disappearing in the various segments of the digestive tract. Forms of N absorbed at the various sites differ in their value to the host. Nitrogen disappearing in the rumen or hindgut is largely in the form of NH3, whereas that disappearing in the SI is largely as a component of AA. It is probable that protein value of a feedstuff or diet will largely be dictated by the quantity of total or individual AA absorbed from the SI. Other studies have shown similar discrepancies between total tract N digestibility and N disappearance in the SI (Koeln and Paterson, 1986; Titgemeyer et al., 1989) . The results of the current experiment indicate that maximum disappearance of SBM N from the SI occurred when SBM was heated for 150 min at 165°C. Amino acid composition data for unheated and roasted SBM samples are given in Table 2 . Concentrations of AA in SBM were unaffected by roasting with two important exceptions: arginine and lysine. Concentrations of both of these AA apparently decreased in SBM with increased time of roasting. These AA are susceptible to formation of Maillard products during heating because of the presence of amino groups in their side chains. Consequently, recovery of these AA from an extensively heated protein may be low because of resistance of Maillard products to acid hydrolysis (Mauron, 1981) .
Duodenal total and non-bacterial AA flows were greater ( P < .05) for SBM-containing diets vs the control diet, were greater ( P < .05) for diets containing heated vs unheated SBM, and increased linearly ( P < .05) with increased roasting time (Table 5 ). Duodenal bacterial AA flows were lower ( P < .05) for heated vs unheated SBM diets. Flows of total AA at the ileum were increased ( P < .05) for SBMcontaining diets vs the control diet and increased quadratically ( P < .05) with roasting time. Disappearance of total AA from the SI (gramdday) was greater ( P < .05) for SBM-containing diets vs the control and increased linearly ( P < .05) with roasting time. When expressed as a percentage of total AA entering the SI, AA disappearance in the SI was influenced quadratically ( P < .05) by time of roasting of SBM. Maximum disappearance coefficients were observed for SBM roasted for 75 or 150 min and declined when SBM was Ileal AA flows, gid aStandard error of the mean for n = 6. bControl diet vs diets containing SBM ( P < ,051.
'Unheated SBM vs diets containing heated SBM ( P .05).
dLinear effect of time of heating ( P < ,051.
eQuadratic effect of time of heating ( P < .05).
roasted for 180 or 210 min. These observations for flow and disappearance of total AA parallel the observations made for flow and disappearance of N and can be interpreted similarly.
Individual AA flows t o the duodenum are presented in Table 6 . Duodenal flows of all individual AA except alanine, lysine, and methionine were increased ( P < .05) for SBM-containing diets vs the control diet. (Table 7 ).
No differences ( P > .05) were detected due to diet in the AA composition of the ruminal bacterial preparations collected in this experiment. Thus, duodenal bacterial AA flows were calculated for each observation using the average AA composition of all bacterial samples ( n = 35). The only treatment effect noted on individual bacterial AA flows was a decrease ( P < .05) in all AA except leucine when heated vs unheated SBM was fed (data not shown). This is consistent with effects of heating on duodenal bacterial N and AA flows discussed previously. Duodenal flows of individual non-bacterial AA (Table 7 ) were aStandard error of the mean for n = 6. bControl diet vs diets containing SBM ( P < .05). 'Linear effect of time of heating ( P < .05). dunheated SBM vs diets containing heated SBM ( P < .05). aStandard error of the mean for n = 6. bControl diet vs diets containing SBM ( P < .05). CLinear effect of time of heating ( P < .05). dunheated SBM vs diets containing heated SBM ( P < ,051.
calculated by subtracting individual bacterial AA from individual duodenal AA flows reported in Table 6 . Flows of all individual non-bacterial AA were increased ( P < .05) for heated vs unheated SBM diets ( Table 7 ) . Flows of all individual non-bacterial AA except methionine were increased ( P < .05) for SBMcontaining diets vs the control diet and increased linearly ( P < .05) with increasing roasting time.
Disappearance of individual AA in the SI of wethers is summarized in Tables 8 (gramdday) and 9 (percentage entering the SI). Quantities disappearing in the SI of all individual AA except glycine, alanine, methionine, tyrosine, and lysine were greater ( P < .05) for SBM-containing diets than for the control diet (Table 8) . Quantities of serine, glutamic acid, proline, phenylalanine, and arginine disappearing in the SI bQuadratic effect of time of heating ( P < .05).
CLinear effect of time of heating ( P < ,051.
were increased ( P < .05) for heated vs unheated SBM diets. Disappearance in the SI of serine, glutamic acid, proline, valine, isoleucine, leucine, tyrosine, phenylalanine, histidine, and arginine all increased linearly ( P < .05) with increased roasting time. When SI disappearance data are considered as a percentage of AA entering the SI (Table 9) , disappearance of aspartic acid, serine, glutamic acid, proline, phenylalanine, and arginine responded in a quadratic ( P < .05) manner to roasting time. Small intestinal disappearance of lysine decreased linearly ( P < .05) with roasting time. Although no significant ( P > .05) effects of heat treatment were detected for disappearance coefficients of other individual AA, the pattern of response to increased roasting time was similar for all AA. In virtually all cases, SI digestibility of AA increased modestly as roasting time increased from 0 to 150 min, then decreased dramatically at 180 and 210 min of roasting.
The quantities of most individual AA that disappeared in the SI were maximized when wethers were fed diets with SBM roasted for 150 min and did not change appreciably when the wethers were fed diets with SBM roasted for 180 and 210 min. This pattern reflects the influence of heat treatment on the two primary determinants of the quantity of non-bacterial AA absorbed from the SI. First, escape of CP and AA from ruminal microbial degradation increases with increasing exposure t o heat (Tables 4 and 5 ) . Second, the availability of the undegraded AA in the SI declines past a certain level of heating due t o formation of indigestible Maillard products. It may be more important to note that the quantity of lysine disappearing in the SI was not altered due to treatment. This reflects the fact that, although duodenal non-bacterial lysine flow was modestly increased by heat ( Table 71 , the SI availability of lysine was linearly, rather than quadratically, decreased by exposure to heat ( Table 9 ). The latter observation might have been anticipated given the greater susceptibility of lysine t o the Maillard reaction. This is important because lysine has been demonstrated to be one of the most limiting A4 reaching the postruminal gut in several dietary situations (Burris et al., 1976; Richardson and Hatfield, 1978; Titgemeyer et al., 1988) . If lysine supply is limiting or co-limiting, increasing supplies of other AA will be of little value unless lysine supply is also increased. Besides lysine, the supply of methionine disappearing from the SI was not increased by heating of SBM. These observations may be important considerations in assessing the impact of heating on the nutritive value of a protein.
Implications
Heating soybean meal to the extent that 12 to 15% of total nitrogen was analyzed in the form of acid detergent insoluble nitrogen resulted in maximal supply of amino acids disappearing in the small intestine of sheep. More extensive heating resulted in decreased availability of amino acids postruminally. Evaluation of the influence of heat treatment on a protein source should include considerations for effects on both ruminal escape and postruminal availability. Even though intestinal supply of most amino acids was enhanced by modest application of heat, protein
